Background: Data on the clonal distribution of Staphylococcus aureus in Africa is scanty, partly 20
INTRODUCTION 41
Antimicrobial resistance in S. aureus is a recognized global threat in clinical management of 42 infections caused by the pathogen [1, 2] . The organism, which may exist asymptomatically in 43 healthy individuals, is capable of causing a wide range of clinical syndromes including skin and 44 soft tissue infections [3] . In Kenya, infections caused by S. aureus including methicillin resistant 45 strains (MRSA) are widespread [4] [5] [6] . Recently, vancomycin resistant strains (VRSA) have been 46 reported in Kenya's national referral hospital [7] . 47 MRSA and VRSA strains are often associated with multi-drug resistance, the consequences of 48 which include limited therapeutic options, long treatment periods, escalated treatment costs and 49 significantly higher morbidity and mortality rates [2, 7] . Initially MRSA infections were 50 associated with hospital settings such as surgical wards and the use of indwelling devices but 51 community acquired strains (CA-MRSA) surfaced in the 1990s in Australia and North America 52
and have now spread to all parts of the world [2, 8] . Other MRSA lineages (LA-MRSA) have 53 been associated with livestock infections. 54
To curb drug resistance, adequate surveillance data regarding the emergence, dissemination and 55 distribution of drug resistant strains is required. spa and MLST typing have become the most 56 common molecular methods for characterizing the epidemiology of MRSA strains in 57 surveillance studies [9, 10] . spa typing is a sequence based technique that identifies the number 58 and types of 24 nucleotide repeats in the variable X region of the staphylococcal protein A (spa) 59 gene. The method is moderately discriminatory with interlaboratory repeatability and portability 60 [10] . spa typing is faster and less expensive compared to MLST since it is a single-locus based 61 technique. However the method presents challenges in delineating particular STs and cannot be 62 compared to real-time PCR SNP genotyping of a collection of Australian S.aureus [13] . Despite 86 the potential of iPlex massARRAY as a low cost, rapid and high throughput method for typing 87 staphylococcal isolates, the technique has not been extensively evaluated against conventional 88 methods like spa and MLST typing and against S. aureus clones from Africa whose 89 epidemiology has been thought to be unique [12] . 90
In this study, results of a multiplexed iPlex massARRAY assay for a collection of Kenyan 91 S.aureus isolates are reported. In addition, comparisons between iPlex massARRAY, spa and 92
MLST typing with regard to discriminatory power, assay turnaround times and reagent and 93 consumable costs are presented. 94 California, USA) was used for extraction following manufacturer's instructions with two 118 modifications: The processing time for the cell disruption step was set at 10 mins and DNA was 119 eluted with 60µl of elution buffer. DNA was quantified using Qubit DsDNA quantification kit 120 (Thermo Fisher Scientific, Massachusetts, USA). For iPlex massARRAY assays, DNA 121 concentrations were normalized to 10ng/µl. All DNA samples were stored at -20 0 C. 122 PCR amplification of the spa gene. Published primers were used to amplify the X region of the 123 spa gene [15] . Each 25 µl PCR reaction mix included 10.5 µl of sterile nuclease free water, 12. Shrimp alkaline phosphatase (SAP) enzyme was used to dephosphorylate unused dNTPs from 166 the primary PCR reaction before the second allele-specific primer extension PCR. For allele 167 specific PCR reactions, 2 µl of the reconstituted extension primer cocktail was added to each 168 reaction well and the following conditions were set: Initial denaturation at 94 0 C for 30s, 40 169 cycles of one step at 94 0 C for 5s with five sub cycles of 52 0 C for 5s and 80 0 C for 5s, and a final 170 extension at 72 0 C for 3 minutes. The sequences and masses for unextended primers (UEPs) and 171 extension products for each SNP and SNP allele are shown in Table 2 . Extension products were 172 conditioned using a resin after which 10 nl was dispensed to a 96-well spectroCHIP using the 173 MassARRAY Nanodispenser RS1000 (Agena Bioscience, Hamburg, Germany Typability and variability of the MLST SNPs. Table 3 summarizes the characteristics of the 209 10 SNPs analyzed. Nine of the 10 SNPs interrogated were highly typeable with SNP call rates 210 (number of isolates in which a particular SNP was identified as a proportion of the total number 211 of isolates tested) that ranged from 81% -98.3% (average 89%). One SNP, pta294, was 212 identified in only one isolate and was subsequently excluded from the analyses. Eight of the 213 remaining SNPs were highly variable with allele frequencies (number of isolates positive for a 214
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given SNP allele as a proportion of all isolates in which that SNP was identified) ranging from 215 53% (arcC162) to 84.6% (yqil333). 216
Iplex massARRAY SNP genotypes. The combination of nine SNPs for each isolate was used to 217 generate SNP genotypes. Different SNP combinations were created with the aim of finding the 218 smallest number of SNPs with the highest resolution (Data not shown). A 7-member SNP 219 classification that excluded both aroe252 and tpi36 (arcC162, arcC210, aroE132, gmk129, tpi 220 241, tpi 243 and yqil333) achieved a similar resolution to that of the 9-member SNP profiles. 221
The assay grouped 44/54 isolates into 14 different SNP genotypes. In some instances the assay could not distinguish between two or more spa/MLST types, an 261 observation noted by others [14, 21] . The three SNP profiles that could not distinguish certain 262 spa/MLST types did not belong to major circulating spa/MLST types in the study as 5/6 affected 263 groups were represented by one isolate each, none of which was an MRSA strain. Previously, it 264 has been suggested that increasing the number of SNPs from 7 to 14 can resolve minor S. aureus 265 clones [21] . However, 2 of the 10 SNPs (aroE252 and tpi36) assayed did not prove useful in 266 increasing the resolution of the assay while one (pta294 was poorly typeable). While the 267 potential of a larger SNP set to resolve minor clones is recognized, a different set of SNPs in 268 addition to the seven identified here may be required. 269
MassARRAY demonstrated great capabilities for increased speed and throughput. After 270 optimization, the assay took <12 hours from DNA amplification to generate results for the 271 isolates analyzed in comparison to spa (3 days) and MLST typing (20 days). The technique 272 offers greater multiplexing capabilities that can upon effective assay design be used to detect 273 other genes to answer clinically important questions about a pathogen such as virulence and 274 resistance [13] a feature that is absent both in spa and MLST typing methods. 275
MassARRAY showed considerable reduction in assay costs in comparison to spa and MLST 276 typing. Estimated reagent and consumable cost/isolate was 18USD compared to spa and MLST 277 typing (30USD and 126 USD respectively). In one study, when the iplex massARRAY assay 278 costs were compared to SYBR green real time PCR, there was a 60% reduction in reagent costs 279
[13]. Trembizki et al. noted an approximately 30% reduction in cost compared to performing a 280 full MLST analysis [22] . The fairly high initial costs for the massARRAY system are justified by 281 the short turnaround times, multiplexing, automation and throughput capabilities which can 282 support multiple large scale studies concurrently thereby contributing to massive amounts of 283 data. 284
As the massARRAY technology is increasingly being adopted, studies utilizing its application in 285 bacterial genotyping are being reported. Trembizki et al developed, applied and validated a 14-286 member SNP assay on the massARRAY platform for genetic characterization of Neisseria 287 gonorrhea isolates in Australia [22] . Subsequently, the assay was used for a large scale AMR 288 surveillance study of Neisseria gonorrhea [23] . 289
The assay is promising particularly in long-term surveillance studies where it is impractical to 290 perform spa and MLST typing on the hundreds to thousands of isolates recovered from such 291
studies. An ideal approach would be to perform an iPlex massARRAY analysis as a first-step 292 molecular screen to identify isolates with unusual SNP genotypes or those with which discrepant 293 results are recognized. A full spa or ST determination could then follow to definitively resolve 294 such isolates. 295
There were instances for example with pta294 where particular SNPs could not be called. A 296 possible explanation for this could be sequence variation in the primer targets for the primary 297 PCR reactions, an observation that has been noted elsewhere [13, 22] . The quality of DNA can 298 potentially affect the success of the assay [22] . However, the DNA used for these experiments 299 was of high quality as extraction was done using a commercial kit and DNA concentrations were 300 measured and normalized. 301
The lack of a database for MLST SNPs that can be used for matching particular SNP profiles to 302 known STs or spa types [22] is a major limitation. This is partly due to the fact that assays on 303 this platform have not been rigorously evaluated against known STs/spa types from an 304 international collection of isolates. However, with increased validation and adoption, it should be 305 possible to have an online MLST-style platform where SNPs can be submitted for inter-306 laboratory comparability of data. 307
Compelling epidemiological conclusions cannot be drawn as the study analyzed a modest 308 collection of 54 isolates, a small proportion of which constituted MRSA isolates. A larger 309 collection of isolates from diverse regions and clinical syndromes would give not only a reliable 310 reflection of the epidemiology of MRSA in Kenya but also serve to highlight the utility of iplex 311 massARRAY for surveillance. 312
In conclusion, seven SNPs derived from the MLST loci provided comparable discriminatory 313 
